F
ibrosing mediastinitis (FM) is a rare, debilitating, and often life-threatening complication of infection with the fungus Histoplasma capsulatum, for which there is no known effective medical or surgical therapy. In susceptible individuals, uncontrolled fibrosis around previously infected mediastinal lymph nodes leads to invasion and obstruction of surrounding structures including central pulmonary vasculature, intrathoracic systemic veins, and main stem bronchi. [1] [2] [3] [4] [5] Patients present years to decades after primary infection with symptoms associated with the sites of mediastinal involvement, most commonly cough, dyspnea, hemoptysis, chest pain, and recurrent pulmonary infections. 3 Although vascular or airway involvement leading to loss of function of a single lung can usually be tolerated, bilateral disease carries a much poorer prognosis and is often fatal. 3, 6 Clinical Perspective on p 1399
Medical and surgical therapies for FM remain largely ineffective. Antifungal and antiinflammatory agents have been used with varying results, but there are no studies demonstrating long-term benefit. 2, 3, [7] [8] [9] [10] [11] Furthermore, the extensive fibrotic invasion caused by FM leads to the destruction of normal tissue planes, which complicates and often limits surgical intervention. 3, 7, 11, 12 The use of percutaneously placed vascular stents has been well described as an effective therapy for relief of central pulmonary or systemic vascular obstruction in other diseases. [13] [14] [15] Reports on the safety and efficacy of central vascular stent implantation in cases of FM, however, have been limited to individual or small case series, 16 -23 and there have been no studies of long-term outcomes.
In 2001, we reported our early experience with stent relief of pulmonary vascular obstruction in 4 patients with FM, all of whom demonstrated immediate hemodynamic and clinical improvement based on short-term follow-up. 17 This initial success encouraged our continued use of stent implantation in selected patients with FM. Here, we review our interim experience with Ͼ50 patients, to our knowledge the largest series of its kind, which suggests that stent placement can provide not only short-term relief of anatomic obstruction but also sustained clinical improvement in this cohort of patients for whom few treatment options exist.
Methods

Data Collection
Approval was obtained from the Vanderbilt University Institutional Review Board. A retrospective review of medical records and cardiac catheterization data was conducted to identify all patients undergoing cardiac catheterization for FM. Clinical presentation and diagnostic evaluation prompting referral for catheterization, as well as anatomic site of stenosis, type of intervention, and hemodynamic information before and after intervention were recorded. Follow-up was through review of records and/or phone interview, where available. Clinical improvement after stent placement was assessed by subjective patient report as documented in the medical record or obtained through phone interview.
Catheterization Procedure
Patients presented for cardiac catheterization on the basis of clinical, radiographic, and echocardiographic findings consistent with central vascular obstruction due to FM. The definitive diagnostic test for FM was computed tomographic (CT) imaging, and patients were referred for intervention when bilateral disease was evident or suspected, clinical condition appeared worse than expected for unilateral disease, or there was symptomatic superior vena cava (SVC) obstruction. Informed consent was obtained for all procedures. Venous access was obtained from the femoral, jugular, or subclavian veins as needed, and atrial transseptal puncture was performed if there was evidence or suspicion of pulmonary vein (PV) involvement. A hemodynamic right and left heart catheterization was performed, followed by site specific angiography to assess stenosis. Transesophageal echocardiogram was performed routinely during the catheterization to aid in the assessment of PV involvement.
The decision to proceed with stent placement was based on assessment of the patient's clinical condition, extent of vascular obstruction, and anticipated benefit from obstruction relief. Stent implantation was deferred in patients for whom reestablishment of blood flow to a nonfunctional segment of lung was not expected to provide clinical benefit, such as in cases of long-standing complete occlusion to a lung segment or significant ipsilateral airway obstruction. In patients with both arterial and venous obstruction to the same lung segments, pulmonary venous obstruction was addressed first in order to prevent the development of acute pulmonary edema, which can occur if pulmonary arterial relief is effective but pulmonary venous relief is ineffective. The stent implantation technique has been previously described. 17 Predilation of the stenosis was not routinely performed, as vascular tissue in cases of FM is friable and susceptible to intimal damage or rupture. Stent lengths were chosen to cover the length of the obstruction, and balloon diameters for stent deployment were chosen to achieve a diameter equal to adjacent noninvolved vessels. All stents were bare metal, balloon-expandable stents that were either premounted or hand crimped onto the delivery balloons; stent types included the Palmaz and Genesis series (Johnson and Johnson Interventional Systems, Warren, NJ) and the DoubleStrut LD and Mega LD open-cell design series (IntraTherapeutics, St. Paul, MN). Overlapping stents were used when indicated in cases of long-segment stenosis or occlusion. High pressure (20 atm) dilation was often needed to achieve maximal improvement.
After stent placement, hemodynamic measurements and angiography were repeated to assess the extent to which pressure gradients and anatomic obstruction had been relieved. Additional stents were placed as indicated to achieve optimal results.
All patients received antibiotic prophylaxis with Ancef (1 dose before and 2 doses after stent placement). All patients were placed on anticoagulation with aspirin or coumadin (in the case of PV stent placement) for a minimum of 6 months after stent implantation.
Statistical Analysis
Data are presented as meanϮSD unless otherwise noted. Standard graphing and screening techniques were used to detect outliers and ensure data accuracy. Interventions were grouped for comparison based on anatomic site: pulmonary arteries (PAs), PVs, and SVC. Pressure gradients and vessel diameters before and after stent placement were compared at each anatomic site using the Wilcoxon signed-rank test (for SVC interventions) or a mixed-effects model (for PA and PV interventions, because independence could not be assumed when Ͼ1 intervention was performed per patient). KaplanMeier curves were constructed to graphically illustrate freedom from reintervention and survival data. Because patients with bilateral disease have a distinctly different clinical course and prognosis, the effect of intervention on survival was evaluated separately in patients with bilateral disease and those with unilateral disease. The log-rank test and Cox proportional-hazards model were used for survival analysis. Statistical analysis was performed using SPSS software version 19.0 (SPSS Inc, Chicago, IL), GraphPad Prism software version 5.0 (GraphPad software Inc., San Diego, CA), and R software 2.10.1 (R-project.org).
Results
Patient Characteristics
From 1996 to 2008, 58 patients underwent cardiac catheterization for FM. Patients were referred for catheterization on the basis of clinical symptomatology in addition to objective evidence of significant pulmonary vascular or SVC involvement as documented by CT angiography (nϭ58, 100%), nuclear medicine perfusion scan (nϭ43, 74%), and/or echocardiography (nϭ41, 71%). Biopsy of the mass or adjacent mediastinal lymph nodes was performed in 38 patients (66%) to rule out malignancy.
Patient demographics and clinical characteristics are summarized in Table 1 . Patients with significant pulmonary vascular disease were more likely to present with exertional intolerance (PϽ0.001) and hemoptysis (Pϭ0.054), whereas patients with SVC involvement presented more often with symptoms typical of SVC syndrome (PϽ0.001). Thirty-one patients (53%) had bilateral disease on presentation, and an additional 12 patients (21%) had isolated right-sided disease with symptomatic SVC involvement. Twenty-six patients (45%) had documented evidence of pulmonary hypertension on the basis of preprocedure evaluation including echocardiography or, in some cases, catheterization data from the referring institution.
Interventions
Intervention was performed in 40 patients (69%). Of those receiving intervention, 33 (83%) had bilateral disease and/or symptomatic SVC stenosis.
A total of 77 stents were placed as initial intervention in 59 vessels: 24 stents in 17 right PAs; 11 stents in 9 left PAs; 9 stents in 8 right PVs; 15 stents in 13 left PVs; and 18 stents in 12 SVC. Balloon angioplasty was performed as the only intervention in 1 patient with isolated SVC involvement ( Table 2) .
Eighteen patients (31%) did not receive stent implantation. Intervention was not indicated in 11 patients (19%) on the basis of hemodynamic and angiographic data obtained at catheterization. The majority of these patients had unilateral pulmonary disease with an otherwise-normal contralateral lung. Intervention was deferred in 5 patients (9%) with long-standing vessel occlusion and/or extensive bilateral pulmonary vascular disease in whom it was felt that the anticipated benefit from revascularization would not outweigh the significant risk of stent placement. Of the remaining 2 patients, intervention was not performed because of a procedure-related complication in one, and because of a malfunction of catheterization laboratory equipment in the other (Figure 1 ).
Pressure Gradients and Vessel Diameters
Pulmonary Arteries
The majority of PA stents (85%) were placed in distal lobar or subsegmental branches. Taken together, pulmonary arterial systolic pressure gradients were significantly reduced after stent placement (PϽ0.001). Pulmonary artery caliber was significantly increased after stent placement (PϽ0.001). Final measured stent diameter averaged 90Ϯ13% (range 60% to 113%) of goal vessel diameter on the basis of adjacent vessel and/or chosen balloon diameter ( Figure 2A and Table 3 ). 
Pulmonary Veins
All PV stents were placed in central PVs or a confluence of veins entering the left atrium. Overall, pulmonary venous mean pressure gradients were significantly reduced after stent placement (PϽ0.001). Pulmonary vein caliber was significantly increased after stent placement (PϽ0.001). Because there was often significant prestenotic PV engorgement noted in cases receiving PV stents, final measured stent diameter was compared to chosen balloon diameter, averaging 94Ϯ9% (range 70% to 100%) of goal vessel diameter ( Figure 2B and Table 3 ).
Superior Vena Cavae SVC pressure gradients were significantly reduced after stent placement (PϽ0.001). SVC caliber was significantly increased after stent placement (PϽ0.001). Final measured stent diameter averaged 89Ϯ14% (range 65% to 100%) of goal vessel diameter based on adjacent vessel and/or chosen balloon diameter ( Figure 2C and Table 3 ).
Recurrence
Symptomatic recurrent stenosis requiring further intervention (either additional stent placement or balloon angioplasty of previously placed stents) occurred in 11 (28%) of 40 patients who received intervention. This included 1 (5%) of 19 patients receiving PA intervention, 4 (25%) of 16 patients receiving PV intervention, and 7 (60%) of 13 patients receiving SVC intervention. Recurrent stenosis without associated symptoms was noted by routine follow-up CT angiography in an additional 2 patients receiving PA intervention and 3 patients receiving PV intervention. Recurrent obstruction in these cases was primarily related to in-stent tissue growth with or without progression of tissue growth distal to the stent. Recurrent stenosis in the SVC was problematic, with 6 patients requiring Ͼ1 revision (Table 2 ). There were no clinical features, including final stent diameter, percentage of goal diameter, and complexity of stent placement (multiple or bifurcating stents), that were associated with recurrent stenosis (using logistic regression analysis, data not shown).
Time to symptomatic presentation of recurrent stenosis ranged from 5 months to 122 months (10.1 years), with an overall median time to recurrence of 115 months. Patients with symptomatic SVC involvement required more frequent stent revisions than patients with bilateral or unilateral pulmonary vascular disease; median time to SVC recurrence was 24.5 months (Figure 3 ).
Clinical Improvement
In the group that received intervention, 37 patients (93%) had documented follow-up at least 1 month after their procedure; 3 were lost to follow-up. Of the 37 patients for whom follow-up was available, 32 patients (87%) reported noticeable clinical improvement immediately after stent placement. Duration of symptomatic clinical improvement in these patients ranged from 2 months to 144 months (12 years).
Complications
Complications related to the catheterization procedure or stent placement occurred in 15 (26%) of 58 patients. Minor complications requiring no additional intervention, including bleeding from the catheterization site, mild hemoptysis, and minor vessel injury, occurred in 8 patients. Major complications requiring immediate intervention occurred in 6 (10%) of 58 patients. These included significant vessel injury in 2 patients (including right PA dissection requiring mechanical extracorporeal circulatory support in 1 patient), reperfusion pulmonary edema in 2 patients, and thrombosis requiring anticoagulation in 2 patients; stent malposition followed by successful retrieval or stabilization also occurred in 2 of these patients. No cases of stent fracture were seen in this cohort. One patient with severe bilateral disease (New York Heart Association class IV) died 19 days from catheterization with PV stent placement after suffering a cerebrovascular accident while still in the intensive care unit after the procedure.
Mortality
Of the 40 patients receiving intervention, there were 6 deaths (15%) reported during follow-up. There was 1 procedurerelated death as described above. Five patients died late, ranging from 11 months to 9.5 years after their initial procedure. Four (75%) of 6 patients who died had bilateral disease at presentation; death in 2 patients with isolated SVC involvement was unrelated to their disease. Among the group not receiving intervention, 5 (29%) died during follow-up. Of these, 4 (80%) had bilateral disease.
Among patients with bilateral disease, those who received intervention had improved survival at 5 years (89.5% versus 52.5%; Figure 4A ). There were fewer deaths in patients with unilateral disease, and intervention was not associated with improved survival for this group at any point during follow-up ( Figure 4B ). 
Discussion
This report represents the largest published experience with stent relief of vascular obstruction secondary to FM. We are encouraged by our results, which show that stent placement can provide not only significant relief of anatomic obstruction as measured by reduction in pressure gradients and improvement in vessel caliber at areas of stenosis, but also sustained symptomatic relief in the majority of patients. We found recurrent stenosis to be problematic, particularly with SVC involvement, but this was responsive to repeated intervention.
Despite widespread use, there are limited data on long-term outcomes for stent implantation as treatment for large-vessel obstruction. In adults, the largest body of literature focuses on stent placement as treatment for benign or malignant SVC stenosis, with reported recurrence rates of 16% to 40%. In these series, most cases are amenable to stent redilation or In patients with bilateral disease: logrank Pϭ0.282; overall hazard ratioϭ0.44; 95% confidence interval, 0.09 to 2.04. In patients with unilateral disease: log-rank Pϭ0.253; overall hazard ratioϭ1.06; 95% confidence interval, 0.09 to 11.72. additional stent implantation. 24 -27 Literature on pulmonary arterial or pulmonary venous stent implantation is limited primarily to children with congenital heart disease and adults with PV stenosis after catheter ablation procedures. Direct comparisons with these populations are difficult, because indications for stent implantation and reintervention are different. Most reports suggest low rates of neointimal proliferation after PA stent placement. 28, 29 Restenosis after pulmonary venous stent placement in pediatric and adult patients, however, appears to be more common. 30, 31 Indeed, although percutaneous stent implantation is now preferred as a noninvasive therapy to relieve vascular obstruction in many diseases, our findings are particularly important in cases of FM where stent placement may offer not only an alternative, but the only therapeutic option. Despite advances in our understanding of the disease process and improvement in surgical techniques, medical therapies have not yet been shown to alter the course of this disease, and surgical intervention remains technically difficult because of the destruction of normal tissue planes. One center recently reported a series of 5 patients with PA occlusion due to FM who were successfully treated using artificial conduit material to reconstruct or bypass the obstructed PA 32 ; however, the fact that this type of intervention was performed in only 5 eligible candidates over 28 years at one of the country's largest referral centers certainly highlights the complexity and limited application of a surgical approach for treatment of FM.
The decision to proceed with catheterization and stent implantation in patients with FM should be made only after a thorough preprocedure evaluation. Specifically, the presence of bilateral vascular involvement should strongly influence referral for intervention, because patients in this cohort are likely to receive the most clinical benefit from such revascularization procedures. Noninvasive evaluation for bilateral disease should include echocardiography (to detect evidence of pulmonary hypertension) as well as nuclear medicine perfusion scans, which can not only reveal bilateral perfusion defects, but can also localize lesions to specific lung segments and their supplying vessels. Computed tomography angiography and combined ventilation/perfusion studies are also helpful in assessing both vascular and bronchial involvement, which is particularly important in cases of FM involving the tracheobronchial tree in which the reestablishment of blood flow to an unventilated portion of lung would potentially worsen ventilation/perfusion mismatch. In our series, CT angiography was the definitive diagnostic test for all patients, with additional testing performed as indicated or as provided by the referring institution.
When referral for catheterization and stent placement is being considered, particularly in cases of presumed pulmonary venous involvement, interventional specialists who have experience specific to the unique aspects of PV assessment and intervention should be sought. Furthermore, proceduralists must be aware that well known complications of intravascular stent placement (such as vessel injury and stent malposition), although considered rare in the general population, may occur more frequently in patients with FM. We suspect this is due to the unique vascular pathology and clinical instability inherent to the underlying disease. Surgical and pathological reports of FM specimens commonly describe an unusually dense, often calcified mass, the texture of which has been compared to that of concrete, which causes severe distortion of normal surrounding tissue architecture. 3, 12 In our experience, the exceedingly firm nature of the compressing mass often makes stent positioning and deployment more challenging than typical vascular stent placement because of the tendency of the stent to migrate toward uninvolved areas as the balloon is expanded if it has not been well centered. In addition, the high pressure needed to expand the stent within the fibrotic mass can lead to overflaring of the terminal portions of the stent, which typically extend into adjacent normal vessel. Such exposure of nearby structures to the overexpanded distal tines increases the risk for vessel injury and may account for 1 report of late aortic laceration after SVC stent placement in a patient with SVC obstruction due to FM. 21 Furthermore, we suspect the potential for disruption of vascular integrity by the invading mass increases the risk for vessel injury even during noninterventional portions of the catheterization procedure.
In our series, the decision to proceed with stent placement was based on the patient's clinical status in conjunction with hemodynamic and angiographic assessment at the time of catheterization. Anatomic features of the lesions, such as vessel occlusion or length of stenosis, did not necessarily dictate the decision to proceed with stent placement, as we were able to consistently and safely recannulate even completely occluded vessels in the appropriate clinical situation, and we found that all lesions improved to some degree with stent implantation. We also found, however, that although longstanding pulmonary arterial occlusions could in some circumstances be crossed and stented, distal vessel disease appeared to prevent long-term patency. For this reason, we now defer intervention in cases where the occlusion is known to be longstanding.
Study Limitations
This study is limited by its retrospective nature as well as by the inconsistency of objective pre-and post-procedure clinical data available for these patients. Specifically, we found it difficult to retrospectively assign objective clinical assessment scores (such as New York Heart Association classifications) before and after stent placement, particularly in patients with isolated SVC involvement whose symptoms did not necessarily correspond to such a scoring system. Instead, we report only subjective clinical improvement as based on documentation in the medical record or phone interview.
Follow-up is further complicated by the fact that, because our institution is a referral center for the diagnosis and management of FM, many of the patients in this cohort are referred from distant institutions. Often, patients return to their primary physicians for routine care after the procedure and do not present back to our institution unless they have clinical indications for further intervention. We recognize that inconsistent follow-up may result in underestimation of recurrence rate. Because symptoms of SVC syndrome are more easily recognized by patients and clinicians, there is likely to be increased reporting and evaluation of SVC recurrence, whereas unilateral PA or venous restenosis may go unnoticed and not prompt further investigation. In the past, we have relied on patient report of clinical symptoms and noninvasive assessment during follow-up, but one could make the argument that routine repeat invasive evaluation, in combination with more standardized clinical assessment protocols such as regular pre-and post-procedure exercise testing, as well as scheduled follow-up CT angiography or lung perfusion testing, may be warranted.
Finally, because FM remains a rare disease, even this relatively large sample size likely provided insufficient power to detect clinically significant effects of intervention, particularly when comparing clinically relevant subgroups. Specifically, results of our Cox proportional-hazards model suggest that intervention was associated with a 56% reduction in the risk of death in patients with bilateral disease; however, because of small sample size, the result is not statistically significant ( Figure 4A ). Statistical analysis was further confounded by a referral bias that favored intervention for patients with either symptomatic SVC syndrome or bilateral pulmonary vascular involvement, as well as a follow-up bias that favored reevaluation (and reintervention) for patients with symptomatic recurrence, ultimately limiting our ability to explore the effect of any predictor variables on intervention, recurrence, or outcome. Yet, despite these statistical limitations, we believe that the clinical significance of this report is compelling.
Conclusions
We conclude that percutaneous vascular stenting is technically feasible and can provide significant hemodynamic improvement in patients with central vascular obstruction due to fibrosing mediastinitis. Because our clinical experience has been that patients with unilateral disease generally have favorable long-term outcomes, we suspect that revascularization of 1 autoamputated lung does not provide significant clinical benefit in patients with 1 remaining normal lung, and therefore we do not routinely encourage intervention in this group (with the exception of patients with symptomatic SVC syndrome who consistently report significant relief of symptoms after stent placement). In patients with bilateral pulmonary vascular involvement, however, our study suggests that the hemodynamic improvement achieved with stent implantation translates to improved clinical outcomes in this cohort of patients for whom limited treatment options exist.
CLINICAL PERSPECTIVE
Fibrosing mediastinitis (FM) is a rare but devastating late complication of infection with Histoplasma that manifests as a proliferation of fibrous tissue within the mediastinum, obstructing central vessels and/or airways. In Ϸ20% of affected individuals, bilateral pulmonary arteries, pulmonary veins, and/or airways are affected by the dense fibrous material, which portends an especially grave prognosis. Management of FM is particularly challenging to the clinician. To date, no effective pharmacological or surgical therapy has been shown to provide long-term benefit, and whereas percutaneous interventions using stents to relieve vascular obstruction in FM have been reported in single case reports and small case series, few centers have robust experience with vascular stenting for this disease. This review is the largest published series of percutaneous vascular stenting to ameliorate central vascular obstruction in FM. Our results show that vascular stenting is technically feasible and provides sustained symptomatic relief in the majority of patients. Minor complications, including hemoptysis and catheterization site bleeding, were the most common adverse events, and major complications and/or death after percutaneous intervention were rare. The decision to perform vascular stenting for FM is complex and should be carefully considered after comprehensive radiographic and hemodynamic evaluation and expert consultation to properly select candidates with greatest chance of sustained success. In our experience, percutaneous vascular stenting in selected patients with significant bilateral vascular involvement or superior vena cava syndrome from FM is a good option for relief of clinical symptoms but should be performed at a center experienced in large-vessel stent implantation.
